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(±) - 4 - (4 - cyan o a ni l in o) - 5, 6 - d ihydr o
- 7 - hydro xy - 7H -
cyclope nta[d]p y出 m土d 土n e (ber e土n afte r den oted a s R S
- 8 3 5 9) 土s a
w ate r 一 土n soluble c o mpou nd ･ 工ts b 土o av a土1ab 土1 土ty l S lo w be c a u s e
of lo w s olub土1土ty 土n wate r′ a nd d土s solu t土on 土mpr ov e m en t 土s
n ec e s sa ry to 土mpr o ve t he b土o av a土1ab 土1 土ty ･
In Pa rt =, effe cts of w ater
- soluble polym e r s on t he
pr e c lp土tat土o n of R S
- 83 5 9 土n s upe r satu rated s olu t土o ns
co ntaining the polym e r s w e r ein ve stigated ･ Hydr o xy
-
pr op ylm et hylc el lu lo s e (H P M C), hydr oxy pr op yLc el lulo se (fl P C)
a nd polyvinylp yr r ol i don e (P V P) w er e u sed a s w ater
- s oluble
polym e rs ･ 工t w a s obs eご V ed t hat R S
- 8 3 5 9 土n super s a亡u rat土o n
pr e c ipitated afte r tim e lag ･ Sm al l am ou nts of the s e polyme r s
in a pho sphate buffer s olutio n (pH 6･ 8) sho w ed inh i b itory
ef fe cts o nthe pr e c ipitation of R S
- 8 3 5 9 in s uper s atu r atio n ･ =n
the c a s e s of B P M Cand H P C, the time lag i n cr e a s ed as the polyme r
c on ce ntr ation in c r ea s ed . =n t he c as e of PV Py ho we v e r, the tim e
lag w a s shor t a nd d idn ot in c r e a s ed a sthe polym e r co nce
n tr ation
in c r e as ed. Al lof t he polym er s de c re as ed pre clp土tat土on r ates
of t he c ompou nd af te r t he tim e lag′ and the m o st e
f 王e ct土ve
c o n c e ntr atio n sw e r e fo u nd to be 0 . 01 mg/ml for H P 凹C a nd H P C,
and 0. 0 00 1mg/ml fo rPV P土n t his e xpe rime ntal r ange ･ でw o k inds
o f inte r actio n betw e e nt he polym er and R S
- 8 3 5 9ar e s ug ge sted･
T hat the pr ec 工p土tate s co ntain ed the polyme r s
sug ge sts the
inter a ction the polym e r and su rfa c e of R S
- 8 3 5 9c rysta1 ･ An
in c r ea s ein t he s olub i l ity of R S
- 8 3 5 9by the polym e r ssugge sts
tbe 土nter a ct土o nbetw e en the polym e r andR S- 8 3 5 9on the m ole cula r
lev el . = tis tho ugh t that t he inte r a ctio n betw een t he polym e r
a nd R S- 8 3 5 9o n the m ole c ula r le vel in cr ea s ed the tim elag, a nd
the in te r a ction betw e en t he polym er and the s u rfa ce of R S
- 83 5 9
c rystal de cr e a s ed t he p工
･
e Clp土tat土o n r ate ･
工n Par t 工工 ′ a study o n d 土s solut土o n 土mpr ov em e nt o王 R S
-
8 359 w a s c a rried o ut by pr eparing s ol i d d isper sion s by the
s olv e nt m ethod . Dis s olu tio npr ope rtie s of s olidd ispe r sipn s a r e
u s u ally impr ov ed by dec r ea sing t he c rystal l inity of a ta
rget
c ompou nd ･ 艮ow e ve rF R S
- 8 3 5 9fI CI s alt w a s fo und in the s ol i d
dlspe ごS土o n and 土ts c rystall ln土ty w as not s o lo
w t ho ugh the
dis s olutio n w a sgr ea tly lmPr O V ed ･ T his r e a so n w a sin v e stigated･
R S- 8 35 9B CI s alt had m u ch higher solub i l ity t han its fr e eform ･
=n the c a s e of the simple EC I s altT how ev e r, the fr e e fo rm
s epa r ated o ut of pB 6･ 8 buf fer s olutio n in sta
nta n e o u sly on c e
the sa l t 王o rm wa s d 土s s olv ed ･ The d 土s s olu t土on pr ope rtie s w er e
gr e atly impr ov ed by in c o rpor ating the p
olymer in the buffer
s olutio nbe c a u se the d is s olv ed w ate r
- s oluble polym e r inh ib ited
the pr e clp土tat土o n r ate o王 the fr e efo rm Of R S
- 8 3 5 9af te r 亡be
d is s olutio n of H CI s alt fo rm ･ Ba s ed o n t he s efa cts' in t he c as e
o王 t he s ol i dd 土spe r slo n o王 RS
- 8 3 5 9′ 土t 土s tho ught that the
w ate r- s olu ble polym e rd is solv ed f ir st and s ot he p
r ec lp土ヒat土on
w a s inh i b ited . Fu rthe r m o r e, the d is s olution of the s ol i d
dispe r sio n w as m o r eimpr ov ed tha n the d is s olutio n of t he simple
flCI s alt of R S- 8 3 5 9in t he buf fe r s olutio n co ntaining the
polyme r ev e n tho ugh the c rystal l 土n土ty w a s n ot s o⊥ow e r ed ･ Th is
s ug ge sted the impo rta n c e of mic r o e nvir o n m ental pH in the s ol i d
d 土spe r s土on fo r the d 土s s oll止土o n 土mprov e m e nt ･
冨汲忠君0 血 e忠息◎汲
(±) - 4 - (4 - cya n o a ni lin o) - 5, 6 - d i hydr o - 7 - hydr o xy
- 7B -
cyclope nta【d】p yr土m土d 土n e (he r ein after de n oted as R S
- 8 3 5 9)土s a
n ew c ompo u nd dev eloped by the joint r e s e a r ch of Ube =ndu strie sT
L td . a nd Sa nkyo Co ･ T L td ･ a s a M A O
- A inh i b ito r
l)
･
凹a ny m en tal a nd m o rtal abn or mal 土t土e s that ap pe a r 土n
patie nts with depr e s土on ′ Park ins o n
'
s dis e a s e, o r A Izhe土me r ′ s
d is e a s e a r ebel iev ed to r elated to dysfu n ction in t he
tr a n smis sio n of rnon o a mine rgl C n e ur O n SI The tw o type s of
m o n o amin e o xi da s e (MA O- A a nd M A O- B) ar e kn ow n . an d t hey
ox土da t土v ely m etabol iz et he e ndoge n o u s a nd synthetic m on o amin e s
in m a m m al ia nbrain . Both ofM A O- A an d - B in hib ito rs ar e expe cted
to ha v e a n ef fect o n the a c c u m ulatio n of e ndoge n ou s m on o a min e s
in the syn aptic cleft ･ T hu s p they hav e v a rio u s the r ape utic
effe cts fo r the tr eatm en ts of m e ntal a nd m o rtal abn o rmal itie s･
R S- 8 3 5 9ha s be e n土nd 土c ated to be a r e v er sib le a nd spe c土f土c
in hibitor of 地A O- A in m ou s e br ain .
R S- 8 3 5 9is, ho w ev e r, pr a ctic al ly in solub le in w ate r ' a nd
a c c o rd 土ngly′ the b 土oa v a土1ab 土1 土ty 土s low ･ T
heごefo r e′
d 土s s olut土o n土mpr o v e m e nt of R S
- 8 3 5 9 土s n e c e ss a ry to 土mpr ov e the
lo w b 土o av a土1ab 土1土ty ･ でhe fol lowing m ethods ha ve bee n
alr e ady kn ow n to impr ov e d is s olutio n: (1) in c
r e a sing t he
pa rticle su rfa c e ar ea av ailab le for d is s olutio
n by ni11 ing
2)
,
(2) impr oving the w et tab i l ity with s urfa cta
nts o r doped
c rystals
3)
T (3) dec re a sing c rystal l inity by pr epa ring a s ol i d
d 土spe r s土o n
4)∫ 5)∫ 6)
′ (4) u s e of 土n cln sion c o mpou･nds s u ch a s
cyclodexitrin deriv ativ es
7)
p (5) us e of polym o rph is m or
s olv ated c ompou nds
8)
′ a nd (6) u s e of s alt fo r m s･ Fur the r m o r e.
a s mall a m ou nt of ot he r c o mpo u nd 土n a cr ysta1
9)
o r c rystal hab 土t
lO)∫
ll)
s om etim e s af fec ts the d土s s olut土o n pr ope ごt土e s･
エn t he c as e of R S- 8 3 5 9′ d 土s s olut土o n impr ov e m e nt w a s n ot
ach iev ed by eithe r in cr ea sing the par ticle s urfa c e a re a o r
impr oving t he w et tab i l ity wit h su rfa ctants ･ Use of inclu sion
c ompou nds s u ch a s cyclode xitrin deriv ativ e s m ake a u nit do s age
w eight he avy be c au s e of their la rge mole cula r size ･
Ad d 土t土o n al ly, t he pric e s o王 t be cyclode xitご土n der土v at土v e s ar e
e xpen siv e a sc o mpa r ed with othe r e xcIPl en tS ･ T her efor e′ w ed i d
n ot cho o s e the cyclode xitrin deriv ativ e s･ Fu rthe r m or e ' n o
polym o rphysim w a s fo u nd in R S
- 8 3 5 9a nd s o t he d is s olu tio n
impr ov em e nt w a simpo s sib le by u sin g the othe r crystal fo rm t hat
ha s h ighe r s olub i l ity ･ T he ot he r m et hod left w a s the u s eof a
s alt fo r m o r a s ol 土d d土spe r s土o n･ 工n the e arly stage o王 t h土s study′
the s alt fo rm s e e med to ha v e the s am e s olub i l ity a s fr ee ba s e
for mT t hough w e fo und late r that it has m u ch highe r s olubi l ity
土n the so lutio n c o nta土n土ng a w ate r- s olub le polym er ･ T heご e fo r e′
I cho s et he s ol id d ispe r sio n withpolym er s ･ A c ompo un din a s oli d
d土spe r s土o n 土s u s u ally a m oごpbou s ･ T bu s′ a s o
li d d 土spe ご S土o n
u su al ly m ake s s olub 土1土ty highe rtban 土ts c rys tal
lin e for m ′ a nd
it m ake s a s upe r s atu r ated c ond ition du ring the d is s olutio n
pr o c e s s. 艮o we v e r, a c o mpou nd in s upe r s atu r atio n u su al ly
pr e clp土tate s with the laps e of time . Some wa teエ
ー s olub le polym er
de c re as es a pr e cipitation r ate . Shef te r and Wata nabe show ed
that ad d itio n of ge latin or c a s ein in a s olution s o m etim e ske eps
s upe r s atu r atio n or de c r e as e s apr e cipitatio n r ate
1 2)I 1 3)
I =n the
cas e of a s alt fo r mthat ha s higher s olub i l ity t ha n fr e efor m ,
the d is s olv ed c o mpou nd pr e clp土tate s a sits fr e e王or m w土tb t he
lapse of tim e ･ We fou nd t hat w ate r- s oluble polyn e r sT Su ch as
hydr o xy pr opylm ethylc el lulo s e(H P 凹C)′ hydr o xy pr op ylc e-l lulo s e
(H P C) a nd polyv土nylpyr rol土don e (P ∀P)′ de c r e a s e the
pr e cipitatio n r ate of RS - 8 3 5 9 in s uper s atu ratio n･ Thu s' We
●
e x amin ed the polymer e王fe cts on the pr e clp土ta t土on of R S
- 8 3 5 9
in Pa rt =.
so m ew ell - kn ow n metbods topr epa r e s ol i d 土sper s土on s ar e ,
(1) c opr e cipitatio n with a polym er
14)･ 1 5)
, (2) pr epa r atio n with
c ar bo w ax , wh ich is s emisol i dat r o o mte mpe r atu r e
1 6)
T a nd (3)
grind ing a c o mpo u nd with ex cIPl e ntS in clu ding polym e r s
17)･ 18)
･
sol i ddispe r sion s that w er e pr epar ed by c opr ecIPitation of
R S- 8 35 9with pol yme r sw e re stud ied to impr ov e t he d is s ol ution
pr ope ごt土e s 土n Pa rt 工Ⅰ ･
工 n the c a s e of R S- 8 3 5 9, 土t 土s pr a ctic ally di王f 土c ul t to
pr epar e a s ol i d d ispe r sion by a s olv ent m ethodby
u sing a single
s olv e nt, bec a u s eR S- 8 35 9 is po o rly s olub le in orga nic solv e nts ･
RS - 8 3 5 9 土s a ba sic co mpo und′ and the s olub 土1 土ty 土s b igber 土n
an a cidic s olu tio n. The r efo r e. a mix ed s olv e nt is n e c e s s a ry to
m土n土m土ze the a m o unt of s olv e nt to pご epa r e a S Ol 土d d isper s土on ･
I studied on the d is s olutio nimpr ov e m e nt of R S- 8 3 5 9 by pr epa ring
a s ol i d d土spe rs土o n w土t ba w ate r - s olub le polym er by using a m土Ⅹ ed
s olv ent o f lN hydr och lo ric a ci dand m ethan oly wh ich e ve ntu al ly
r e sulted in a s ol i d d ispe r sio n of the salt fo r m･
思喝 櫓 雷息執亀n忠亀且
野盈監忠 エ ｡ エ払ぬ息ぬ五色◎富野 曲空曹◎c忠番 ◎雷 静 亀忠◎苫 - S ⑳且 ぬ 且◎ p⑳エコⅦ地 雷魯
¢ 払 p雷◎C 乱P血色亀忠息⑳弧 ⑳雷 温容
- 魯3 5 9
■
艶 色曲君i亀且魯
R S- 8 359 is (±) - 4 - (4 - cyan o a ni l in o) - 5, 6 - d ihydr o- 7 -
hydr oxy - 7fI- cyc lope nta[d]pyrimi d in e, and it w a s pr ovided by
san kyo Co ･ v L td ･ The str u ctu r al fo r m ula is sho wn in Fig ･ 1 ･
Hydr oxy pr op ylm ethylc ellulo s e (Sh in
- E ts u Cbem土c al′ でC -
5E W) (ab br eviated a s H P 凹C)′ hydr o xy pr opylc ellulo se (Nip po n
soda , Co . , L t d. , S S L) (ab br e viated a s H P C),
polyvinylp yr r ol i don e (B A S T, K
- 3 0) (ab br eviated a s P V P) w e r e
u s ed a s r e c eiv ed . Re agen t gr ade s of hydr o ch lo ric a ci d,
pota s siu mpho sphate m o n oba s土c′ s od iu m bydご0 Ⅹ土de ′ ad 土pl C aC土d′
hydr oiod ic a ci d7 n
- O Cta n ev Xyle n e, citric aci d, 0 ･ 0 0 6N iod in e
s olu tio n and m etha n ol w e r e n sed.
∴㌢
cN
C･14H120N4
Fig ･ 1 S tr u ctu al fo r m ula of R S
- 8 3 5 9
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A total of 4 0mg of RS - 8 3 5 9and proper a m o u nts of a
polym e r(0
- 40 0mg) w er e d is s olv ed in a mix tur e of O ･ 5 N fI Cl a nd
m ethan ol (1:4), and the n tb 土s solu tio n wa sd i luted, to m ake 2 0
ml . Then , 2 ml of th is s olutio n w a s ad ded 土nto 38ml ofpho sphate
buffer s olutio n (pH 6 . 8) at 2 0
0
c . Afte r mixing, th is s olu tio n
w a s kept at 20
o
C′ and s ample s w er e take n ou t at pr edete ご m土n ed
tim e in te r vals . The s a mpled s olu tio n w as f i lter ed thr o ugh an
Ek ic r od is c (0 . 45pm) (Gelm a n Scie nce s Japa n, L t d｡) a nd t he n
d i luted 2- fol dwith a mix ed s olu tion of 0. 5N B Cl an d m etha n ol
(1:4) . High - per fo rm a n c eliqui d chr o m atogr aph ic a nalysis w a s
pe rfo r m ed o n this s olutio nr u sing a r ev e r sed
- pha s e c olu m n a nd
a m ob i le pha s e of a m土Ⅹ ed s olu tio n of O･ 5 篭 a mm o n土u m a c etate
s olutio n, m etba n ol′ a nd a c eto n土tr土1e (15:3:2) ･ Afte r 9 6 b′
pr e clp土tate s w e r ef 土1te r ed w土tb a m土11ipor e 王土1te r′ w a shed wlt b
pu ri f ied w ate r t hr e etim e s, an d the n dried at 50
0
c fo r 1 h irl
a V a c u u m OV e n.
$○且Ⅶあ且1 五時 血 七車 ∬取息n 亀七io n
A total of 5 0mg of RS - 8 3 5 9w a s pu t into the pho sphate
buf fer s olution (pH 6 ･ 8) c o ntaining t he polym er' a nd the m
ix tur e
w a s stir red u sing a m agn etic s亡土r r er at 2 0
0c fo r24 b ･ Then t he
s ｡1u t土｡n w a sf i ltご ated t hr ough an E kic r od 土s c(0 ･ 4 叫m)′ a nd the
c o n c e ntごat土o n of R S- 8 3 5 9 土n t he polym e ご S Olut■土o n s w a s
dete rmin ed by high
-
pe rfo rm a n c e l iqui d chr o m atogr aphic
a nalysュs u sing the s am e m ethod m e ntion ed abo ve . Solub 土1 土ty w as
c alculated from the co nce ntごat土on .
A題8 野 Of 混 耽 姐 d 吉野e in p君曲C &pit乱七◎ 曲
■
As s ay fo r fI P M Ca nd H P Cin pr e cipitate s of R S- 8 3 5 9w a s
perfo r m ed in a c c orda n c ewith t he Japan e s ePha r m a c op eia X = = r･
A total of 2 5mg of the pr e cipitate w a s mix ed with the s olutio n
that contain ed ad 土pl C a ci d, hydr o土od 土c acid. n
- o cta n e a nd
xyle n e. a nd then t he s olu tio n w a shake n fo ご 3 0 s ･ The n' the
solutio n w a s he ated at 150
o
C fo r 6 0min , with shaking at 5
-
min inte r v als . After c o ol ingr the s uper n ata nt w a s a n alyzed by
a ga s chr o m atogr aphic m et hod ･
盈題 多 野 ⑳g 押野 息弧 p雷◎Cip五色亀七◎さ
pr e cipitate of R S- 8 3 5 9(7 0mg) fr om the pho sphate bu f fe r
solu tio n c ontaining P V Pw a sd is s olv ed in metha n ol a nd m ade to
be 5 0 ml . 0王 th 土s s olution 1 0 ml w a s m土Ⅹed w土亡h 8 亀aqn eo u5
s olu tio n of citric a ci d, to m ake 5 0m1 ･ T he n, 1 0 ml of this
s olutio n w a s mix ed wit h4 ml of O･ 0 0 6N iod in e s olu tio n. a nd th is
w a skept at 2 0
o
C fo r3 0min ･ Abs o rba nce at 5 0 0n m w a sdeter min ed
fo r t his s olu tion a pd a refe r en c e wb icb w a s m ade by the s a me
m ethod witho ut the pr e c lp土tate ･
1 0
Ⅴ息卓C O 砂丘七y 盛曲 触 瑚 息払亀忠息o n
vis c osity w a sdete rmin ed at 2 0
O
c u sing an Ubbeloh de
- ty pe
v土sc o m ete ご.
管⑳w 由 g 蕊 - g 野 点息空曹3T亀Ct息¢乱 p監○雷i 且◎ 啓
x - r ay d i f fr a ctio n pr of i le s w er e obtain ed with a Geige r
Fle x Rint 220 0V (Rigaku Denk i) with Cu
- K alpha r adiation ･
畠c 弧 払息払g ◎且◎c忠君O n 温血c zT O 魯C聯 (急濫姐) ･
The s c an n土ng
･
ele ctr o nmic r o s c ope u s ed w a s A B T
- 5 5くTopc o n
Co . , L td .) .
静亀藍色 EE . D五番容¢且Ⅶ忠息◎汲 且 池野富⑳ Ⅴ 御 地 ⑳g 鼠S
- 8 3 5 9 by 蝕 ◎
＋
亜⑳且五感 盛息S野◎ 苫魯息◎汲 P富8P魚雷◎盛 丑野 馳 亀 S ⑳且Ⅴ◎ 醜 - 蝕 o也
観象忠◎富息亀且S
R S- 8 3 5 9 is (±) - 4 - (4 - cyan o a ni l in o)
- 5, 6 - d ihydr o- 7
-
hydr o xy - 7H
- cyclope nta 【d] p yr土m土d土n e and 土t w a s pr ovi ded by
sa nkyo Co l r L td･ E P M C(Sh in
- E tsu C he mic al , T C- 5E W), H P C(Nip po n
soda , Co . , L td . I S S L)r P V P(B A S FI K
- 3 0), and lo w
- substituted
hydr o xypr op ylcel lulo se (Nip po n Soda , L H2 2) (
ab br eviated a s
L - H P C) w er e u sed a s.r e ceiv ed ･ A r e agent gr ade o
f m etha n ol a nd
l N hydro chlo ric a ci d(ab br e viated
a s H C1) w e r e u s ed･
l l
野雷8P亀雷亀七息o 払 ⑳曹 蝕 ◎ 窓C 且 s 亀且忠 ⑳曹 RS - 8 3 5 9
A 13 - g of R S
- 8359 w a sd is s olv ed in 18 0ml ofa mix ed s olve nt
of 0. 5N H Cl a nd m etha nol (13 ･. 5) and c rystals w e re s epar ated o ut
by e v apor ating the mix ed s olv e nt ･ The n the c rystal･s w er e
f il te r ed and dried at 5 0
0
c u nde ご r edu c ed pr e s su r e･ でbe r e s ults
of ele m e nta ry a n alysis a r e show n 土n Tab le l ･ T he crystals w e ごe
fou nd to be a mo n obydr ate hydr o cb lo ご土c a ci d sa l t･
でab le 1
Ele m e ntary an alysis of the hydr o ch lo ric
aci d s alt of RS - 8 35 9
m on ohydr ate
t he or etic al a s s ayed
(%) (%)
C y 54 . 8 2 5 5. 3 3
H 4 . 9 3 4 . 84
N 1 8. 27 1 8. 56
l l. 15
0 10. 43
C1 ll . 5 6
野富噂p亀g 亀忠息⑳n ⑳g 卓01 i d 血卓pe 苫ぬ ○乱さ
The for mnla s of the s oli d d 土spe r s土o ns a re show n 土n でab
'
1e
2 - 1 a nd 2- 2 . R S- 8 3 5 9w as d is s olv ed in the mixed s olutio n of HCl
a nd m etba n ol′ t he w ateご
- S Oluble polym er wa s d is s olv ed a nd the n
L - H P Cw a s su spe nded ･ The mix ed solv e nt w a sr e
m ov ed at 5 0oC unde r
1 2
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巨+
r edu c ed pr e s s u r e･ The r e s ulta nt dried m a s sw a s dried at 5 0
0
c
u nde r r edu c ed pre s su r e fo r 2 h again a nd sie ved thr o ugh 2 8
-
m e sh s c r e e n｡ Sa mple J and K w e r epr epa r ed by the s a m em ethod
bu t I+ - B P Cw as e x cluded .
D 息各曲01Ⅶ七息o n もQ S忠
T he dis s olutio n te sts w ere pe rfo r m ed a c c o rd ing to t he
paddle m et hod at 2 0 0rpm as the pad d le r otating spe ed, in
a c c o rda n c ew土tb the Japa n e s epha r m a c op eia X 工工工. u sing 5 0 0ml
of pH 6･ 8 pho sphate buf fe r s olution in clud ing n o po-1yme r'
o . o2 %w/v P V Po r 0. 0 2 %w/v E P ”Cat 37
0c . The s a mple s w er e take n
o ut at t he pr edete r min ed time inte r vals a nd fi lte r ed thr o ugh
an Ek icr odis c(0. 4 5micr o me te r s) (Gelm a nScien c e sJapan , Ltd･),
fol low ed by 2 - fol d d i lutio n with a mix ed s olutio n of O･ 5N E el
a nd m etha n ol (1:4) . The c o n c en tr ation of the s a mple s w a s
dete r min ed by u sing h igh
- pe rfo r m a n c el iqui d chr o m atogr aphic
a n alysis w土tb a ごe V e r S ed
-
pha s e c olu m n･
管o w由 方 Ⅹ-3e野 di g 富野亀C忠息o n 宅 00 〉 狐 色1y曲息歩
Geige r Fle x Rint 2 2 0 0V (Rigaku De nk i) w a s u s ed wit h Cu
- K
a lpha rad iatio n (4 0 k V/4 0 mA, 20
- 5･ 0 - 40 ･ OO) ･
ぬ 亀 約 若 柳 n t Og 七血曲 $01 曲エ車 f富農 Cもio n og X4
一 定p C i弘 也 db 地主x 亀d
s ¢且w @ m七 ⑳f ⑳ ｡ 5 謝 丑eエ 乱払d 血色 組 曲汲0且 亀払d i 幽nti 鮎c 亀ti⑳n t◎St 君o r
1 5
滋野e 息取 組 ◎ w 亀忠車富 - 身⑳且Ⅶb 且◎ g雷亀C 七io 払
A 1 0- g of L - H P Cw a s su spe nded in 4 0ml of the mixed s olv e nt
of 0. 5N H Cl a nd Me Ofl(1 3:5), then the s u spe nsio n w a s shaken fo r
3 0mュn to d is s olv e the s olub le 王r a ct土o n 土n the m土Ⅹ ed s o⊥ut土o n
a nd c en tr土fuged a t 30 0 0rpm fo r 1 5 m上n . The slユpe rn ata nt Wa s
f i lte r ed thr ough Ekic r od is c (0 . 4 5mic r om ete r s) ･ The f i ltr ate
w a sdried at 70oC u nde r r edu c ed pre s s u r e. and the ndried at 105
o
c fo r 2 h . The re si due w a s w eighed･ The nt i de nti f ic atio n te st
for H P C w a s pe rform ed u sing t he r e sidu e in a c c orda n c ewith
Japa n e s ePha r m a c opo eia X 工工=･ Of t he r e si due 1 0 0mg w a sd 土ss oユv ed
in 4 ml of w ate r. A total of 1ml of anthr o n eT S w a s ad ded to
2 ml of t he abo v e s olu tio nr ge ntly( a nd c olo rde v elopm en t w a s
obs er ved . The other 2 ml of the solu tio n w a sheated to 7 0
0
c to
obse rv e tu rb i dityt and t hen c o oled to r o o mte mpe r atu re
tO
obs er v e the d is ap pe a r an c e o王 tbe tu ごb i d 土ty ･
1 6
野鼠訊管 冨 . E ぬぬ息ぬ息忠o革野 魯藍藍色C忠息 ⑳雷 w亀忠亀雷
- S⑳且 ぬ 五重
po且洞 魚雷魯 ⑳ぬ p富◎C 乱Pi 忠亀忠息o n o藍 鼠S
- 魯3 5 919)
●
エn忠ど0 血 c息io n
工t 土s kn ow n that d 土s s olu亡土o npr operties ca n be 土mpr ov ed
by de cr e a sing the crystal l inity of a c o mpou nd ･ So m ew ell
- kn ow n
m et hods to de cr e as e c rystall 土n土ty o r to pr epar e an a m o rpho u s
s ol id a r e (1) copr e clp土tat土o n with a polym e r
川 ' 1 5)
∫ (2)
pr epa r atio n of a sol i d d ispe rsion wit h c arbo w ax ′ which is
s e mis ol i dat r o o mte mpe r atu r e
16'
, a nd (3) grind ing a c o mpo un d
with ex cIPl entS in clud ing polym e r s
17)∫ 1 8)
･ or al abs orptio n c an
be in c r ea s ed by impr o ving d is s olu tio n pr operties using t he
abo v e m ethods
20)1･ 2 1)
.
An a m o rpho u s state or c rys tal imperfe ctio n u su al ly m akes
the s olub i l ity h ighe r t ha n t he c rystal lin e state , be c au s e it
is m eta stab le . 艮ow e ver T t he c ompo undin s upe r s atu r atio nu su al ly
pr e c ipitate with the lapse of tim e, S hefte r and
Wa ta n abe show ed
t ha t ad d itio n ofgelatin o r c a s ein in a s olu tion s o m etim es ke
eps
supe ご Satu r at土o n or de c r e a s e s apr e Clp土tat
土on ごate
12). 1 3)
water - solub le polym e r s ar e C Omm Only u s ed to pr epa r
e SOl i d
d isper sion s by eit her t he c opr e cIPita t
io n o rgrin ding m ethod
to impr ov e d is solu tion pr oper tie s ･
The s oli d dispe r sio n,
how ev e r, is not u s u ally perfec tly am o rpho us a
nd s om etimes
17
c on tain s c rystal lin epa rts ･ でbe e xiste n c e of crystal l in e pa rts
m ay 土nflu e nce the pr ec lpltat土on r ate .
=n Pa rt I, stu dy w a spe rfor m ed o n the inh i b ito ry ef fe cts
of w ater - s oluble polym er s at a low c o n c e ntr atio n i)n
pr ec ipitatio n of a w ater - in s olub le c ornpo u nd in aqu e ou s
solution s . The s uper s atu rated c o ndition s w ere pr epar ed by
adding sm al la m ounts of m et ha n ol s olutio n of the c ompo u nd in to
aqu e o u sbuf fe r s olutio n , in ste ad of a sol i d d isper sio n, to av oi d
the inf lu e n c eof the poten tial existe n c e of crystal parts ･
RS - 8 3 5 9(Fig . 1), a M A O- A inhib ito r
1)
( w a s sele cted a s a
w ate r - in s olub le c o mpo u nd, and H P M C′ fIP Ca nd P ∀P we re s ele cted
a s w ate r- s olu b le polym er s that a r e c o m m o nly u s ed to pr epar e a n
a m o rphou s state by the s olve nt m ethod o r the grind ing m et hod ･
R曲卓Ⅶ五色車
p苫 p君 Of i l◎ S of 乱S - 83 5 9各01也b i 且ity
The che mic al stru ctu r e of R S- 8 3 5 9 is show n in Fig. 1 .
Be c a u s eit is a ba sic c ompo u ndr the s olub i l ity in a n ati d ic
s olution is highe rt ha n that in an e utr al o r an al kal in e solu tio n ,
a s show n in Tab le 3 . Whe nthe c o mpo u nd is in an a ci d ic c o nd itio n (
s uch a s 土n t he stom a ch′ 土t m ay be s oluble ･ Eow e ve r′ when the
c o mpou nd is pu t 土n to.
a n e utr al pB c o nd 土t土on s u ch a s 土n t he
inte stin e T it m ay pr e c ipitate be c a u s e of low s olub ility ･ Su ch
1 8
a n e utr al pH of 6｡ 8 w a s s ele cted for t his e xperim e nt ･
Tab le 3
Solub土1 土ty of R S- 8 3 5 9
土n v ario u spE s olut土on s at 2 0
0
c ･
PH solub i l ity (p g/ml)
1 . 2 47 5 0
2 . 3 3 6 6
4 . 1 1 2. 7
5. 1
6 . 8
7 . 5
6 . 7
5 . 0
7 . 2
pT *C息p息も亀忠且¢瓜 P富⑳空息且◎9 f冨 胡 乱 也 e 金甲野◎監 - 触 3T 乱忠車d s o1Ⅶtio 軌 魯
c o nt亀i乱i払g 温 m e
pごe Clp土tat土on pr ofile s of tb 土s c o mpound 土n the
s upe r s atu r ated s olutio n s c on taining H P M Ca r e sho w nin Fig･ 2
(a) . Highe r s olub i l it e s w e r eobs e rv ed in the pho sphate bu
ffer
s olutio n sc o ntainingft P M Ctha nin apolym e r
- fr e e s olu tion′ e ve n
afte r 9 6 h( e x c ept for a pho sphate buf fe r s olu tio n c ontaining
o . o o o lmg/ml H P M C･ Pre cipitatio n tim elags w e r e al
s o obse rv ed
in t he s e solutio n s. As the fI P M Cc onse ntr ation in c r e a sed･, the
tim e lag in cr e a s ed and it r e ached abo ut 2 h at a n
fIP M C
c o n c entr atio n of 1 mg/m1 (Fig ･ 3) ･ Afte r t he tim e lag,
the
c o mpo und pr e cipitated a nd the co n c entr a
tio n ap pr o ac hed the
intrin sic s olub i l ity･ We defin ed pr e cipitatio n hal
f - tim e as a
ya rdstick of the pr ecipitatio n
r ate , a s the tim e to r e ach the
1 9
a v er age c o n centratio n of the initial c o n c en tr atio n a nd the
土ntr土n s土c s olub土1 土ty of the c o mpou nd 土n the s olu 亡土on ex clud ing
■
the tim e lag . Pr e c ipitatio n half - tim es a r e show n in Fig . 4 . The
pr e c ipitatio n hal f
- time of the compou nd w a s t he lo nge st at the
H P M Cc o n ce ntr atio n of 0. 0 1rag/ml a nd it in cr e a sed to ov e r 10
tim e s a slo ng a s the hal f- tim e in the polym e r- fr e e solu tio n ･
野E 車 C 且p且も亀忠息o 払 野方Og 息且◎ 歩 iれ 蝕 ◎ さ 噂 ◎富 岳亀 七岨富亀 忠亀d 魯01Ⅶtion &
■
c o 払t亀i払i瓜g E 曾C
pr e c lp土tat土o n pr o王i le s 土n the s upe r s atu r ated s ol･ut土o n s
c ontaining H P C a r e show n in Fig. 2 (b) ･ The pr e cipitation
pご Of 土1e s土n the pbo spbate buffe r s olut土o n s c on ta土n土ng H P Ca re
v e ry s土m土1ar to tho s e 土n t he pho spha te buf fer s olut土o n s
c ontaining H P M C･ fligher s olub i l it e s w e r e obs er ved in the
phosphate bu ffe r s olution s c on taining H PC t ha n in t
he
polym e r- fr e eso lution af te r9 6 h. The lo nge st tim elag w a sabo ut
1 h at 1mg/m1 (Fig ･ 3), a nd t he longe st pre cipitatio n half
- tim e
w a s obs e rved at 0. 0 1 mg/m1 (Fig ･ 4) ･
曹富O eipi七亀七息¢n p訂0窒息且◎ さ i弘 也 ◎ 畠 聯 r - tu g 亀七ed さ01
Ⅶti◎n 魯
e ⑳n忠亀i払i払g 管Ⅴ管
pr e c lp土tat土o n pr o王土1es 土n the supe rsatu r ated so
lut土on s
c on taining P V Care sho wn in Fig･ 2 (c) ･ =n t he ca s e of t
he
pho sphate buf fe r so lutio n s c o ntaining P V P,
n o S igni f ic a nt
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# o. o lm g/m1 ＋ 0 .0 01 mg/n1
# o . oo ol mg/m1 ～ pol yme r
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*
pho sphate bu ffe r s olution (pH 6 ･ 8)
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Ef fe cts of polym er s on pr e clp土tat土on r ate s of R S
- 8 3 5 9
in pho spha te buf fer s olutio n (pfI6･ 8) c on taining 4% m et ha n o
1 ･
2 2
pol yme r ef fect w a s obs e rv ed afte r 9 6 h･ Tim e lags w e r e about
0 . 5 h fo r all the P ∀Pc o n c e ntr a亡土o n a nd sbo rte ご 亡han in pho sphate
buf fer s olu tio n s c o ntaining E P M Cor H P C. The pre cipitatio n r ate
in c r ea s ed a s t he polym e r c on c e n亡r at土on 土n crea s ed w土tb 土n t b土s
expe rim en tal r a nge ･ The longe st pr e cipitatio n half
- time w as
obs e rv ed at 0 . 0 0 01 mg/m1, the low e st c o n c e ntr ation of t his
e xpe rim e nt (Fig ･ 4) ･
馳 1Ⅶbi 且i七息曲卓 Og RS - 魯3 5 9 息取 払 ◎ 苫血○&ph乱も◎ bⅦf g◎ r 魯01Ⅶt息on 8
c ⑳n忠亀息払息ng 七払◎ po且ヨ闇 曲 r
solub i l it e s of th is c o mpo u nd in the pho sphate buf fe r
s olutio n s c on taining the polyTn e r a r e Show n in Tab le 4 ･ All of
the polym er s in c r e a s ed the s olub il ity of the c o mpo un d wit h a n
in cr e a se iri the c o n c e ntr atio n . The s olub il itie s in t he
pho sphate bu ffe r solutio n s c o ntaining P V Pw er e lo w er t ha n tho s e
in t he pho sphate buf fe r s olution s c o ntaining H P 凹Cor H P C･ =n
the s e pr e cipitation e xpe rimen ts( the c on c e ntra tion of t
his■
c o mpo u nd in t he pho sphate buf fe r s olu tion s c o ntaining
t he
polym e r w a stil l h ighe r t ha n the intrin sic solub i
lity e ven
afte r 9 6h, tak in g into a c c o u nt t he s olubi l ity in cr e as声 in the
pho sphate buf fe r s olution s c o ntaining t he poly
m er ･
23
Table 4
Solub i l ity of R S- 8 3 5 9 in a pho sphate buf fer
s olutio n (pH 6. 8)★ c o nta土n土ng polym e ご at 2 0
o
C
地
Polym e rco nc entratio n H P 凹C H P C P ∀P
in s olu tio n (mg/m1)
n o polym e r 4 . 9
0. 00 0 1 5. 0
0 . 0 0 1 5 . 6
0 . 0 1 7 . 2
0 . 1 8 . 5
1 8 . 4
4 . 9
4 . 7
5 . 6
8 . 5
8 . 4
9. 7
4 . 9
4 ｡ 7
4 . 9
5. 9
6 . 5
6 . 5
* 4% of m ethan ol w a s ad ded in s olu tion s
各署姐 苫ぬo忠og富超喝ぬ魯 ¢g 地⑳ p苫⑳Cipit亀t魯魚
S E 凹photogr aphs of t he pr e c ipitate s ar e show n in Fig ･ 5 ･
Plate - shaped crystals s epar ated ou t of the polyme r
- fr e e
s olutio n. On t he othe r ha nd, ag glo m e r ates of sm al l c rystals
s epa r ated o ut of the H P 凹C s olution s ･ As the polym er
c o n c entr at土o n 土n the solu t土o n s土n c ごe a Sed, the c rystals 土n the
ag glom e r ate s be c a m es ma1 1･ Pr e cipitate s fr om e a ch of the HPC
●
a nd P V Ps olutio ns show ed t he s a m e shape as tho s e obtain ed fr om
t he pho sphate buf fe r s olution s c on taining H P M C(Fig ･ 5) ･
甘○ ぬ 君 Ⅹ - ZT亀y d息f fg 亀Ctio n p3= ⑳g i l◎ 卓 Of 也e pzr ◎cip息も汲も曲 さ
でhe X - r ay d 土f fra ct土o n pr of i le s of t he pr e clp土tate s a r e
sho w nin Fig ･ 6･ The cha ra cteristic pe aks of al lof the s a mple s
ap pe ar ed a t the s a m ed i f fr actio n angles , tho ugh inten sit
ie s of
24
t he p工
･
e C lp土tate s obtained fr o mt he pho sphate buffer solut土on s
c on taining the polym e rw er e d if fe r en t fr o mtho s e ob tain ed fr o m
t he polym e r
- fr ee solu tion .
H P 凹C, H PC and P ∀P c o nte nts in the pr ecipitate s a r e shown
in Tab le 5 . =n the c a se s of H P M Ca nd H P C, n o si gnific a nt
d iffe r e n c e s of the polym er c on te nt 土n the pr e clp土tate s w eごe
obse rv ed be tw e en tho s e obtain ed fr om t he polym er c o n c e ntr ation
of 1 - mg/ml a nd tho s e fr o m that of O･ 0 トmg/m1 ･ How e v e r, the
polym er c o nten ts in the pr e cユpitate s fr o m t he polym e r
c on c en tr atio n of 0 . 0 0 0 1- mg/ml w er eles s tha n t ho s efr o mhighe r
c o nc e ntr atio n s. =n the c a s eof P V P, the polym er c on te nt in the
pr e cipitate in c r e a s ed a s the P V Pc o n c en tr ation in the s olu tio n
l
in cr e a s ed .
2 5
(a)
(c)
(b)
(d)
Fig . 5 .
S E Mphotogr aphs of t he pr e cIPitate s ･
(a) pr e cipita te fr o m apolym e r
- fr ee s olution ･ (b) Pr e cipitate
fr o m the pho sphate buf fe r s olutio n c ontaining O･ 1 mg/ml H P M C･
(c) pr e cipitate fr om the pho sphate buf fe r s olu tion c o ntaining
o . 1 mg/ml H M C･ (d) Pr e cipitate fr om the pho sphate
. buf fe r
s olutio n c o ntaining 0. 1 mg/ml P V P･
( =n al lc as e s the pho sphate buf fe r s olutio n(p斑 6 ･ 8) c on tain s
4篭 m et han ol .)
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Fig ･ 6･ Ⅹ
- r ay d i f fr a ction pr of i le s of R S
- 8 3 59 ･
pr e cipitate fr o m1) polym e r
- fr ee s olution , 2) the pho sphate
buf fe r s olutio n co ntaining 1 mg/ml of PV P, 3) the pho sphate
buf fe r s olu tion c ontaining 1 mg/ml of fl P C, 4) the pho sphate
buf fe r s olutio n c o ntaining 1 mg/ml of 且P M C･
(=n al lc as e s, t he pho sphate buffe r s olution (pf16･ 8) c o
ntain s
4 % m et ha n o1 .)
2 8
D息s 伽 溶さi⑳汲
The tim e lag fo r t he pr e cipitatio n of the c o mpou nd
in cr e as ed a s the polym e r c on c e ntr ation in the s olution
in cr e as ed in the c as e of E P”C or B PC . Cr ystal l in e gr ow th
o c cu r r ed afte r the n u cle atio n in the pr ec ipitatio npro c e s s e s･
The pr olongation of t he tim elag by the s epolyTne rS S ug ge sts that
the polym e rs 土n h土b 土ted t he n ucle at土o n of the c ompo und in the
supe r s atu r ated s olutio n･ =n t he c a s e of c alciu m c a rbon ate'
e xiste n c e of tw o - step pr e clp土tat土on ha sbeen r epo rted
22)∫ 2 3)
･ エn
■
t b土s c a s ethat n o c ごyStals o r n o n -ユCle土 ex土st 土n its
s upe r s atu rated s olut土on ′ the c on c e ntr ation of c alcium
ca rbo n ate dec r ea se s sligh tly in the v ery begi nning of t he
pr e cipitation stager a nd t he n it stays in a c ertai
n lev el du ring
a for m ation of A m eta stab le pr e c u r s or or ernbryo ･ After that,
it de c r e as e s again r to the s olub i lity of t he stab le cr ystal
(c alcite) . =n ou r e xperim en t, the obs er ved in
itial
c o n c en tr atio n s w er e lo w e r than 1 0 0p g/ml, wh ich is the
c alc ulated c on c e ntr atio n w he r e all of t he ad ded dnlg W a s
d is
l
s olv ed′ a nd they v a ried a mo ng the experim en ts I Th is m e
a n s
t hat t he c on c e ntr ation of the c o mpo u nd in the s olution sl ightly
dr op ped in sta ntly afte r t he m ethan ol s
olution of this c ompou hd
w a s ad ded . Then , th is super s atur ated state w as kept for a w
hi le ･
T his is the s o - cal led tim e lag her e ･ The sl igh tly de c re a s ed
c o n c e ntr atio n at the v e ry initial stage s ug ge sts the ap pe a ra n c e
2 9
of a pr e c u r s o r stage wh ich w a s obse r ved in the c alciu m c arbona te ･
a s w ell . The pr e c u r s o rha sh ighe r s olu bil ity tha n its crystal
for m du e to the higher s urfa c e e n e rgy ･ T he s olub i l ity of the
pr e c u r s o r of the c ompo und v aried a c c o rd ing to t he expe rim e ntal
c o nd ition sr de pe nd ing o nits su rfa c e en e rg y･ T he stab iliza tion
ef fe ct of H P M Ca nd E P Co n the pr e cu rsor stage is gr e ate r tha n
that of P V C, a nd the tim e lag be c am e lo nge r a s the polym e r
c on c e ntr atio n bec a m e higher .
The othe r po s sible fa cto r that af fe cted the tim elag wa s
inter actio n betw e e nt he c ompo u nd and t he polyn er ･ H P M C10 r PVP
incr e a s e sthe s olubi l ity of a c etaz ola mi de by a differ e nt
m e cha nis m fr om a simple mic el le fo rm at土o n
24)
･ p v pals o 土nte r a cts
w土tb s odiu m s al土cylate
24)
･ 且1 1 of the polym e r su 5 ed 土n ou r
e xpe r土ment 土n c re a s ed the s olub 土1 土ty of t he c o叩
O u nd ･ The
in cr e a sed s olub 土1 土ty pr of i les o王 R S
- 8 3 5 91n t he polym e r
s olu tion s a r ev e ry d i f fe r ent fr o m s olubi l izing pr of i le s by
mic el le fo r m atio n. = ts ug ge sts t hat the s olub i lizing m e cha nism
of the polym er s is d if fe r ent fr o mthat of s u
rfac ta nts ･ How e ve r,
th is evide n c e s ugge sts the in te r a ction of the ､c omp
o und with t he
polym e r s･ Fu r t he r , H P M C′ H P C o
r P ∀P w a s fou nd in
.
the
pr e cipitates obtain ed fr o m t
he pho sphate buffe r s olutio n s
c o ntaining the pol yme r s･ This evi de n c
e als o s ug ge sts the
in te r a ctio n of the co mpou nd with the polym er s ･ T he inter a c
tion
aモモe cted the stab土1 土ty o王 the pr ec u r s or and ev en tu
al ly the
3 0
du r ation of the tim e lag .
Afte r the tim e lag, th is c o mpo u nd pr e cipitated wit h the
●
laps e o f tim e･ Crystal gr o wth is d ir e ctly pr opo rtio n al to the
d 土f王u s土o n r ate of a c o mpo un d 土n so m e c a s e. Th 土s 土s c al led
d 土f fu s土on c o ntr o1
22)
. so′ an 土n cr ea s e 土n the pr e clp土tat土on
hal f- tim e of th is c o mpo u nd w as als o expe cted a s a nin cr e a se in
vis c o sity of t he s olutio n･ How ev e r, the vis co sity of the
pho sphate buf fe r s olu t土o n s c o nta土r止 ng the polym er 土n c r e a s ed
lit t le u ntil at 0. 1 mg/m1 (Tab le 6), a nd the vis c o sity in c r e a s ed
to o nly 2 0% at m os t at 1 mg/m1, the m a ximu m c o n ce ntr ation in
th is experim e nt fo r all of the polyn er s ･ So t he e stim ated
de c r e a s ein the di f fu sio n r ate is le s st ha n2 0 %i ft he d i ffu sio n
r ate of th is c ompo und de c ご e a S e S土n a c c o rda n c e with t he
s toke s- Ein stein equ atio n･ = tis obvio u st hat the cha nge in t he
pr e c ipitatio n hal f
- tim e w a s m u ch gr e ater tha n the cha nge in
vis c o sity . Thu s7 it is d if f ic ult to e xplain the cha
nge in t he
pr e cipitatio n half
- tim e ba s ed on o nly t he vis cosity cha nge ･
●
Not o nly a d i fu sio n ra te but als opr o c e ss e s10f ads o rp
tio n
and tr a n sfe r of m ole c ule s on its crystal su rfa c e also af fe ct
t he r ate of the c rystal gr owth
22)
･ It 土s tho ught that the
⊥nter a ct土on o王 t be c ompo und wit h the polym e r als o aモモe cted t
he
pr o c e s sof ads o rpt土on o r tr a n sfe r o王 the
m ole cule s o王 t be
co mpo und o nits c rystal s u rfa ce in t he c ry
stalgr owthpr o c es s e s･
3 1
Tab le 6
V土s c o s土ty of the pho sphate bu f王e r s olut土o n s containing the
polym er at 2 0
o
C (Ⅹ1 0
‾ 6
m
2
/s) .
Polym e rc on c en tr atio n B P 凹C H P C P∀P
in s olu tio n (mg/m1)
n o polyme r
0 . 0 0 0 1
0 . 0 0 1
0 . 01
1 . 1 04
1 . 1 2 6
1 . 1 2 0
1. 12 2
0 . 1 1. 1 2 8
1 1 . 211
1. 1 04
1. 1 3 6
1. 1 2 3
1 . 1 3 6
1 . 140
1 . 18 6
1. 1 04
1. 1 3 6
1 . 1 3 4
1 . 13 6
1. 1 38
1. 157
Ea ch polym er wa s dis s olv ed in pho sphate buf fe r s olutio n (pn
6 . 8) containing 4 % m etha no1.
co mparing X - ra y d i f fr a ctio npr of i le s of the pre cipitate s wh ich
w e re obtain ed fr o mthe pho sphate buffe r s olu tio n sc on taining
ト mg/ml H P M C, H P Cor P∀P, the c ha r acteristic pe aks of R S
- 8 3 5 9
ap pe a r ed at the s a m edi f fr a ctio n a ngle s a sthat obtain ed fr om
the polym e r- fre e s olutio nr
･ that is, n o change w a s obs er v ed in
lat tic e spa cin gs am o ng the m･ Th is s ug ge sts that in c orpor atio n
of the pol yme r sd i dn ot cha nge t he inte rn al str uc tur e of the
c rystal ･ S tud ie sby Chow a nd Dud du show edthat ad d iti
v e c o ntents
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